Abstract：The authors have proposed a linear motor driven container crane system, in which the linear motor to drive trolley chassis is also used to control swaying motion of a hanging container. To utilize the proposed system, it is needed to develop a power saving control system for the linear drive system. In this paper, an integrated control system to minimize required electric power to drive a trolley chassis with the suppressed swaying motion of a hanged container, is proposed. The validity of the proposed control system is investigated by the simulation using Simulink.
Introduction
Recently, the huge container carriers of over 14,000TEU class are in operation, according to a rapid increase in worldwide marine transport. Therefor, it is required to develop a higher speed and more reliable container handling system. In the conventional crane system, the trolley chassis are driven by the rotary motors, these are, the driving forces for the trolley chassis are generated by the driving wheels and the iron rail or the driving sheaves and the wires [1] . In these adhesive traction systems, the reliability of the driving forces depend on the conditions of the surfaces of the wheels and rail or the sheaves and wires.
The authors have proposed a container crane system, in which the linear motor to drive trolley chassis is also used to suppress the swaying motion of a hanged container at the same time [2] - [6] . The is small are expressed as follows [5] - [6] . 
Where, Q are the following weighting factors matrix, and r is a weighting factor.
In this system, position of the trolley x can be detected by a rotary encoder attached to the suspension wheel of the trolley chassis and the swaying angle  of the hanged member is estimated by detecting reactive force acting on the trolley chassis using an acceleration sensor attached to the trolley chassis derived from the following expression.
Where,   is the output signal of the acceleration sensor attached to the trolley chassis,   is the thrust force generated by LIM.
In this paper, the magnitude of the 1, 1, 1, 1, 1) . In this case, the reference value for the armature currents are set as 0 to minimize required electric power. So, the total energy required to transfer 5m distance is reduced to 0.991Ws.
However, the required time to transfer becomes longer as 13seconds. Then, the weighting factor for the armature current w1 should be set as not so large value. should be set as small value if the reference is given as step signal. Figure 6 shows the simulated responses for the weighting coefficients(w1, w2, w3, w4, w5, r)= (1, 1, 10, 1, 1, 1) . The maximum armature current is 2.58A, and the total energy required to transfer 5m is reduced to 1.912Ws. However, the required time to transfer 5m distance is large as 23seconds. Then, the weighting factor for the swaying angle w3 should be set as small value if the required time to transfer 5m distance is considered as an important item. In this case, the maximum armature current is 2.81A, the required time to transfer 5m distance is 7 seconds, the maximum velocity is 1.348m/s, the maximum swaying angle is 0.147rad, and the total energy required to transfer 5m is 3.16Ws. The expected control system to realize both high speed transfer and suppression of the swaying motion of the hanged container are realized in this case. The validity of the simulated results described in this paper will be shown by the experimental results using the small scale test facility in our laboratory, soon.
Further investigations considering the restrictions in the power source such as the current limit will also be made in the near future.
